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In the present event-related potential study, we investigated whether and how participants playing the
ultimatum game as responders modulate their decisions according to the proposers’ stereotypical
identity. The proposers’ identity was manipulated using occupational role nouns stereotypically marked
with gender (e.g., Teacher; Engineer), paired with either feminine or masculine proper names (e.g., Anna;
David). Greater FRN amplitudes reﬂected the early processing of the conﬂict between the strategic rule
(i.e., earning as much money as possible) and ready-to-go responses (i.e., refusing unequal offers and
discriminating proposers according to their stereotype). Responders were found to rely on a dual-process
system (i.e., automatic and heuristic-based system 1 vs. cognitively costly and deliberative system 2), the
P300 amplitude reﬂecting the switch from a decision making system to another. Greater P300 ampli-
tudes were found in response to both fair and unfair offers and male-stereotyped proposers’ offers re-
ﬂecting an automatic decision making based on heuristics, while lower P300 amplitudes were found in
response to 3€ offers and the female-stereotyped proposers’ offers reﬂecting a more deliberative rea-
soning. Overall, the results indicate that participants were more motivated to engage in a costly delib-
erative reasoning associated with an increase in acceptation rate when playing with female-stereotyped
proposers, who may have induced more positive and emphatic feelings in the participants than did male-
stereotyped proposers. Then, we assume that people with an occupation stereotypically marked with
female gender and engaged in an economic negotiation may beneﬁt from their occupation at least in the
case their counterparts lose their money if the negotiation fails.1. Introduction
The interest on how social and emotional information affects
economic decision-making has steadily grown over the past dec-
ades (for overviews, see Frith and Singer, 2008; Rilling and Sanfey,
2011). A key insight on the inﬂuence of social aspects on economic
decision-making has come from studies using a well-known
paradigm, the ultimatum game (Güth et al., 1982). In the classic
version of this two-player game, a proposer offers to split a ﬁxed
amount of money (e.g., 10€) to a responder. Both get their shares
only if the responder accepts the offer. When game partners be-
have as the self-interested, income maximizer homo economicusopean Community's Seventh
agreement no. 237907. We
Durantin and Louise Giraudet
Aéronautique et de l’Espace,(Camerer, 2003; Gaertig et al., 2012), predictions are straightfor-
ward: proposers should offer the smallest amount of money and
responders should accept any kind of offer. However, a range of
studies demonstrates that the great majority of people deviate
from utility-based expected behaviors (Camerer, 2003). Indeed,
proposers mainly offer shares close to a 50–50 division (Thaler,
1988; Roth, 1995; Güth, 1995; Camerer and Thaler, 1995) and re-
sponders reject low shares (i.e., 20% of the total or less) in more
than 50% of the cases (Güth et al., 1982; Camerer, 1999, 2003;
Sanfey, 2009).
Models of social preference diversely accounted for responders’
rejection behavior (for a review, see Fehr and Schmidt, 2005). On
one hand, theories of inequality aversion (Fehr and Schmidt, 1999)
posit that people are simply and naturally averse to unequal dis-
tributions. On another hand, theories of negative reciprocity (Ra-
bin, 1993; Falk and Fischbacher, 2006) focus on proposers’ inten-
tions, describing the rejection as a way to punish selﬁsh proposers
at a personal cost for behaving in a self-interested manner (i.e.,
altruistic punishment; Fehr and Gächter, 2002). In parallel, several
studies also support the theory according to which the negative
emotions (e.g., anger, disappointment, frustration) triggered by the
reception of a share deviating from equity, may account for the
rejection of unfair offers (Pillutla and Murnighan, 1996; Sanfey
et al., 2003; Van’t Wout et al., 2006; Koenigs and Tranel, 2007).
Indeed, as altruistic punishment was found to be rewarding for the
“punisher” (De Quervain et al., 2004), responders may derive sa-
tisfaction from rejecting unequal shares, which may help to limit
the impact of negative emotions triggered by the reception of
unequal shares. However, other studies using a modiﬁed version of
the ultimatum game paradigm (i.e., third party ultimatum game;
Güth and Van Damme 1998), tend to demonstrate that, even
though emotional concerns may play a critical role in the decision
making process, they should not be the only explanation for the
observed rejection behavior (Civai et al., 2010; Corradi-Dell’Acqua
et al., 2013; Civai (2013)) argued that inequality rejection may be
considered as a cognitive heuristic, i.e. an easy to implement short
cut “rules of thumb”. Indeed, an important quantity of studies
support the existence of a dual-process system in decision making
(for a review, see Sanfey and Chang, 2008), with an automatic, fast,
effortless, unconscious, associative and slow learning system
1 used for automatic and heuristic-based judgments and a con-
trolled, slow, effortful, conscious and fast learning system 2 un-
derpinning a more deliberative reasoning. Civai maintains that
responders may adopt ready-to-go default responses based on
internal heuristics consisting in accepting fair offers and rejecting
unfair ones. In contrast, in the case of mid-value offers (i.e., 3€ out
of 10 €), system 2 may override system 1, devoting more cognitive
resources to a more complex and time-consuming processing (i.e.,
deliberative reasoning) associated with less predictable decisions.
1.1. The impact of social information on fairness consideration
The results of several recent studies converge to show that the
proposers’ personal descriptions involved in the ultimatum game
bias the way responders consider fairness. Features such as hu-
maneness (e.g., Van’t Wout et al., 2006), physical attractiveness
(e.g., Solnick and Schweitzer, 1999; Marchetti et al., 2011), in-
tentionality (e.g., Sutter, 2007), possession of positive versus ne-
gative traits (e.g., Ruz et al., 2011; Marchetti et al., 2011; Gaertig
et al., 2012; Qu et al., 2013), social ties (e.g., Campanhã et al., 2011),
social comparison (Wu et al., 2011) or initial ownership (Wu et al.,
2012) contribute importantly to modulate the responders’ rejec-
tion behavior. Various studies investigated the impact of pro-
posers’ gender on the responder’s behavior. Overall, these studies
found that the responders more frequently accepted the shares
offered by female proposers than by male proposers (Eckel and
Grossman, 2001; Solnick, 2001). The authors interpreted these
results to reﬂect chivalry of male responders toward female pro-
posers and cooperation between female proposers and female
responders. Finally, one recent study investigated the impact of
racial stereotypes on fairness consideration (Kubota et al., 2013).
Responders were found to accept more frequently the offers and
on average lower amounts from White proposers than from Black
proposers, demonstrating that racial stereotypes affect the fairness
consideration of an offer. However, the impact of gender stereo-
types on fairness perception has never been investigated.
1.2. Electrophysiological correlates of the responder playing the ul-
timatum game
Due to their high temporal resolution, the event related po-
tentials (ERPs) provide a valuable source of evidence on real-time
neurocognitive processes (Luck and Kappenman, 2012). For this
reason, in recent years, the ERPs have been widely used to assess
cognitive and affective processes in both economic decision-making (e.g., Nieuwenhuis et al., 2005) and social psychology (for
an overview, see Bartholow and Amodio, 2009). While several ERP
components have been observed in economic decision-making
studies, here, we focus on two of them, speciﬁc to the ultimatum
game paradigm: The Feedback Related Negativity (FRN) and the
P300. The FRN is a negative component observed at frontal-central
sites that reaches its maximum in the 200–300 ms time windows
after the stimulus onset (for an overview, see Walsh and Anderson,
2012). Convergent ﬁndings from sources modeling and single unit
recording suggest that the FRN is generated by the anterior cin-
gulate cortex (ACC; Gehring and Willoughby, 2002; Holroyd and
Coles, 2002; Miltner et al., 2003; Nieuwenhuis et al., 2003; Amiez
et al., 2005; Brown and Braver, 2005; Folstein and Van Petten,
2008). The P300 is the most investigated and discussed ERP
component, emerging in the 300–600 ms time window after sti-
mulus onset (for a recent overview, see Luck and Kappenman,
2012). The P300 is thought to reﬂect high order cognitive opera-
tions such as, for instance, context updating in working memory,
attention selection, subjective probability assessment, mental re-
source allocation and categorization processes (Donchin and Coles,
1988; Verleger, 1988; Kok, 2001).
Several studies recently investigated fairness consideration and
the associated neural correlates using the ultimatum game para-
digm (Polezzi et al., 2008; Campanhã et al., 2011; Wu et al., 2011,
2012; Alexopoulos et al., 2012, 2013; Qu et al., 2013). Overall, a
greater negativity of the FRN component was found in response to
unfair offers than to fair offers (Polezzi et al., 2008; Wu et al., 2011,
2012; Alexopoulos et al., 2012, 2013; Qu et al., 2013); and more
interestingly, also in response to extra-fair offers (i.e., shares su-
perior to half the amount of money to split) compared to fair offers
(Wu et al., 2012). The FRN has been shown to be sensitive to social
expectancy and social norms violation in social paradigms (Bok-
sem and DeCremer, 2010; Wu et al., 2012). To this extent, Wu et al.
(2012) proposed that non-equal offers (i.e., inferior or superior to
the half-share) in the ultimatum game may constitute a particular
case of social norm violation (i.e., equality expectancy violation)
associated with a greater FRN effect compared to when the fair-
ness norm is applied (i.e., a major negativity for non-equal shares
than for equal shares). Two studies also found a greater P300
amplitude in response to fair offers compared to unfair offers (Wu
et al., 2012; Qu et al., 2013). The authors interpreted this effect to
reﬂect the greater motivational signiﬁcance to fair shares than to
unfair shares.
Some of these studies using the ultimatum game paradigm also
found the FRN and the P300 amplitudes to be modulated by the
players’ social features. A recent study showed that when the
proposer was a friend rather than an unknown person, the FRN
typically associated with unfair offers was reversed to positive
polarity (Campanhã et al., 2011). In another study, unfair shares
were found to elicit a greater negativity of the FRN when offered
by proposers who previously socially excluded the responder (i.e.,
Cyberball game manipulation) than unfair shares offered by pro-
posers that included the responders (Qu et al., 2013).
A recent study showed that the nature of the shares offered to
the third person in the third ultimatum game paradigm did not
affect the amplitude of the FRN of the participants playing as re-
sponders (Alexopoulos et al., 2012, 2013). Moreover, another study
also demonstrated that making the responders compare the share
they were proposed to shares received by others responders
playing in different players’ dyad did not lead to a modulation of
the amplitude of the FRN (Wu et al., 2011). However, the P300/LPP
component was more positive for moderately unequal shares
compared to highly unequal shares when the other responders
were offered less compared to the participants. Finally, the initial
ownership of the asset (i.e., property of either the proposer or the
responder) did not affect the FRN amplitude observed in response
to the shares proposed to the responders (Wu et al., 2012). How-
ever, the P300 amplitude was greater when the initial ownership
belonged to the proposer than to the participants playing as
responders.
To sum up, basic features characterizing the proposers, like
their social behavior or social bonds, modulate the FRN amplitude
and may reﬂect the early impact of socio-emotional evaluation on
the fairness consideration of an offer (Campanhã et al., 2011; Qu
et al., 2013). However, much complex notions such as social pre-
ference (i.e., concern for the well-being of others), social compar-
ison or initial ownership may be reﬂected in the P300/LPP com-
ponent that is associated with later top-down controlled
processes.
1.3. Why investigating the impact of gender stereotypes on fairness
perception?
Gender stereotypes are a form of social knowledge linked to
actions, attitudes, rules and other forms of knowledge (e.g., be-
havioral representations) attributed to speciﬁc social groups ac-
cording to their biological gender (Greenwald et al., 2000;
Wheeler and Petty, 2001; Quadﬂieg and Macrae, 2011). While the
impact of gender stereotypes has been extensively investigated in
both social and psycholinguistic studies (e.g., Cacciari and Pado-
vani, 2007; Pyykkönen et al., 2010; Siyanova-Chanturia et al.,
2012), the way they impact economic decision-making and more
speciﬁcally fairness consideration during an economic interaction
has been neglected. According to Wood and Eagly (2002), “division
of labor emerges from a set of socioeconomic and ecological fac-
tors that interact with the physical sex differences inherent in
female reproductive activity and male size and strength”. Conse-
quently, many female occupational roles are associated with
communal traits (e.g., kindness, nurturance, welfare of others)
required by women’s domestic and childcare roles, while male
occupations produce expectations of agentic traits (e.g., leadership
qualities, competition, conﬁdence) needed to achieve the primary
family provider role (Eagly et al., 2000). To this extent, many oc-
cupations are stereotypically marked with gender. Nowadays, an
increasing amount of women have access to occupations with a
highly marked male stereotype (e.g., lawyer, banker, doctor) while
men are also more present in occupations with a highly marked
female stereotype (e.g., nurse, “mid-wife”, teacher; Eagly, 1987;
Rudman, 1998; Eagly and Karau, 2002; Phelan et al., 2008; Rud-
man and Phelan, 2008). As men and women are constantly led to
interact economically, it is important to understand the con-
sequences of this slow society metamorphosis on fairness per-
ception and how it could affect economic interactions.
1.4. The present study
Despite the steadily growing interest in understanding the
neural basis of economic decision-making, so far, no studies tested
the impact of gender stereotypical beliefs on the ultimatum game.
Hence, the general aim of this study is to investigate the effects of
this speciﬁc aspect of the proposers’ social identity on the re-
sponders’ behavior and the associated electrophysiological activ-
ity. In the present study, participants play a one shot ultimatum
game as responders. They have to accept or reject three different
types of shares out of 10€: fair (i.e., 5€), mid-value (i.e., 3€) and
unfair (i.e., 1€). Each offer is preceded by a description of the
proposer who makes this offer, consisting of an occupational role
noun stereotypically marked with gender (henceforth male and
female occupational stereotypes, e.g., “ingegnere”, engineer; “in-
segnante”, teacher) followed by a masculine or a feminine proper
name (e.g., GiorgioMASC, LuisaFEM). This leads to two congruent
descriptions (e.g., Teacher/Anna; Engineer/Davide) and twoincongruent descriptions (e.g., Engineer/Anna; Teacher/Davide) of
the proposers. We assume that reading a stereotyped occupational
role noun would lead to automatic and hard-to-suppress activa-
tion of the corresponding stereotype (Banaji and Hardin, 1996;
Irmen and Roβberg, 2004; Oakhill et al., 2005; Reynolds et al.,
2006; Gygax and Gabriel, 2008).
In line with previous results, we expect the nature of the offer
to inﬂuence rejection rates with unfair offers refused more fre-
quently than mid-value and fair offers. The picture may instead
change if the proposers’ biological gender and/or stereotypical
gender modulate these default responses. Females are expected to
be more generous and socially orientated than men who, in turn,
are expected to be more selﬁsh and individually orientated (Aguiar
et al., 2009; Eckel and Grossman, 1998). Moreover, many female
occupational roles and male occupational roles respectively pro-
duce expectations of communal traits (e.g., kindness, nurturance,
welfare of others) and agentic traits (e.g., leadership qualities,
competition, conﬁdence; Eagly et al., 2000). These speciﬁc ex-
pectations may lead participants to predict they would receive
higher incomes respectively from female proposers than from
male proposers; and from female-stereotyped proposers than
from male-stereotyped proposers. Because responders with high
expectations are more likely to reject unfair offers compared to
when they have low expectations (Sanfey, 2009), we predict that
responders may turn down unfair shares more frequently when
offered by respectively female proposers than male proposers; and
by female-stereotyped proposers than by male-stereotyped pro-
posers. Moreover, these predictions are in line with the results of
Kubota et al. (2013) who found that the shares offered by low
social status proposers are more likely to be rejected compared to
the shares offered by high status proposers. Additionally, various
studies in social psychology show that individuals who violate
gender stereotypes may undergo social and economic penalties, a
phenomenon called backlash effect (Rudman, 1998; Eagly and
Karau, 2002; Phelan et al., 2008; Rudman and Phelan, 2008). We
predict that the participants may be willing to penalize stereo-
type-incongruent proposers (e.g., Luisa/Ingegnere; Giogio/In-
segnante) by rejecting their shares more frequently than the shares
proposed by stereotype-congruent proposers (e.g., Luisa/In-
segnante; Giorgio/Ingegnere).
As to the electrophysiological response, we expect to observe a
greater negativity of the FRN in response to unfair and mid-value
offers than to fair offers, as in previous studies (Polezzi et al., 2008;
Wu et al., 2011, 2012; Alexopoulos et al., 2012, 2013; Qu et al.,
2013). Since the FRN is thought to be sensitive to socio-emotional
evaluation of the game partners (Campanhã et al., 2011; Qu et al.,
2013) and to social expectancy violation (Boksem and DeCremer,
2010; Wu et al., 2012), we may observe greater FRN effects
whenever social expectations are not met (Wu et al., 2011, 2012;
Qu et al., 2013; Alexopoulos et al., 2013). Hence, the offers coming
from stereotype-incongruent proposers, who violate gender rules,
may be perceived as less fair and/or more negative. We predict to
observe a greater FRN effect in response to shares offered by ste-
reotype-incongruent proposers compared to stereotype-congruent
proposers’ offers, especially for unequal offers that are associated
with a double violation of social norms (i.e., equity and gender
rules). We expect the FRN to be followed by a P300 as previously
found in various EEG studies (e.g., Wu et al., 2011, 2012; Qu et al.,
2013). We predict to observe a greater P300 amplitude in response
to complex offers (i.e., 3€ on 10€) compared to unfair (i.e., 1€ on 10
€) and fair (i.e., 5€ on 10€) offers that are more easily categorized
(Donchin and Coles, 1988; Verleger, 1988; Kok, 2001). Based on
previous results (Wu et al., 2011, 2012; Qu et al., 2013), it is not
clear how the proposers’ identity (i.e., stereotypical gender and
biological gender) would modulate the P300 amplitude. Never-
theless, since stereotype-congruent proposers may be categorized
more easily compared to stereotype-incongruent proposers, we
may observe a greater P300 amplitude for stereotype-congruent
than for stereotype-incongruent proposers.2. Methods
2.1. Ethics statement
All participants were informed of their rights and gave written
informed consent for participation in the study, according to the
Declaration of Helsinki. The research was carried out fulﬁlling
ethical requirements in accordance with the standard procedures
of the University of Modena and Reggio Emilia.
2.2. Participants
32 Italian students of Modena university (16 females,MAge¼22,
SD73.71, age range 19–32 years old) participated in this study. all
were right-handed as assessed by the Edinburgh handedness in-
ventory (Oldﬁeld, 1971) and had normal or corrected-to-normal
vision. none of the participants reported a history of prior Neu-
rological disorder. they participated for 5% of the total amount of
money they won and were proposed only at the end of the ex-
periment to swap it for a course credit.
2.3. Materials
2.3.1. Norming phase
In order to select the experimental materials, a written ques-
tionnaire listing 258 occupational role nouns (ending in -e, -ista or
a consonant to avoid that word forms contained cues to the gender
of the referent) was presented to 112 students not further involved
in the experiment (56 females; age range 19–27 years; MAge¼23.6,
SD72.92). Eighty of these students rated to what extent each role
noun was stereotypically associated with male or female in-
dividuals on a 7-point Likert scale (i.e., stereotype strength; from
1¼only men to 7¼only women), sixteen of them to what extent
each role noun was associated with a positive or negative value
(i.e., valence; from 1¼very negative to 7¼very positive) and six-
teen the wealth of a person described with each role noun (i.e.,
wealth; from 1¼very rich to 7¼very poor). The labels of the scale
poles were reversed for half of the participants. The ﬁnal rating
assigned to each word was calculated by combining the ratings
obtained with both directions of each rating scale. The sixty role
nouns selected as experimental materials received comparably
high ratings of stereotypicality (the experimental material and the
associated ratings are available in Supplementary material). In
order to compare the stereotype strength of the two role noun
groups, the ratings of the role nouns ranging from 4 to 7 (i.e.,
feminine stereotypes) were translated and ranged from 1 to 4 (i.e.,
X′¼8X, with X: initial rating and X′: translated rating). Stereo-
type strength (Female Stereotypes: M¼2.81, SD71.21; Male Ste-
reotypes: M¼2.77, SD71.19), valence (Female Stereotypes:
M¼4.42, SD7 .69; Male Stereotypes: M¼4.36, SD7 .71), wealth
(Female Stereotypes:M¼3.81, SD7 .94; Male StereotypesM¼4.10,
SD7 .88), lexical frequency (Female Stereotypes: M¼5.66,
SD7 .87; Male Stereotypes M¼6.09, SD71.05) and length (i.e.,
number of characters; Female Stereotypes: M¼9.77, SD72.2;
Male Stereotypes M¼8.83, SD71.82) of male and female occu-
pational role nouns were comparable (ps4 .05). The stereo-
typicality mean rating of feminine role nouns reported in the
Supplementary material table is the translated rating (i.e., X′).
Experimental materials also included 360 Italian familiar proper
names (180 feminine). Unisex names were excluded from the list.2.4. Procedure
Participants played a one-shot ultimatum game as responders.
The instructions were presented in a written form before the ex-
periment started. An introduction explaining the rules of the ul-
timatum game was given to each participant. Before conducting
the game, participants were told that they were playing against
360 really existing different proposers of whom, they would know
occupations and proper names and that each of them would offer
to split 10€ once. The participant’s task was to accept or reject each
offer. Participants were explained that proposers took part to a
previous experiment, and asked how much money they would
have offered a student and that these offers were ﬁlled into the
experiment’s database used in the game. They were also told that
the proposers that participated would be paid afterwards de-
pending of their responses during the game (i.e., accept/reject).
Participants were informed that at the end of the experiment, they
would receive a payment, consisting of a percentage of the money
they would have accepted during the game. At the end of the
experiment, they were proposed to swap the money they won for
course credits. Five of them chose to keep the money while the
others swapped it for credit courses.
Participants were seated comfortably in a darkened sound-at-
tenuated room. Stimuli were presented in white upper case letters
(Courier font, size 14) against a black background on a high-re-
solution computer that was positioned at eye level 70 cm in front
of the participant. A ﬁxation point (þ) appeared in the middle of
the screen and stayed there until participants pressed the space
bar to start a trial. Then a blank screen was displayed for 300 ms.
Each role noun appeared for 700 ms followed by a proper name
for 700 ms and then by the sentence “Ti propone” (Proposes you)
for 700 ms. Each presentation was followed by a blank screen for
300 ms. Finally, the offer (1€, 3€, or 5€) appeared and remained on
the screen until the participant’s response. Half of the participants
pressed the response button marked with M to accept and then
one marked with C to reject the offer. The other half did the re-
verse. Each response was followed by a 1000 ms blank screen.
Before starting the experiment, participants took part in a short
training session consisting of 10 trials, different from those used in
the experimental session. Each experimental session included 360
randomized trials [3 (Offer: unfair, mid-value, fair)2 (Occupa-
tional Stereotype: female, male)2 (Proposer’s Gender: female,
male)30 repetitions], yielding a total of 90 offers for each pro-
poser’s description: two stereotype-congruent descriptions (e.g.,
Teacher-Anna; Engineer-Davide) and two stereotype-incongruent
descriptions of proposers (e.g., Engineer-Anna; Teacher-Davide).
Participants interacted only once with each proposer to avoid ef-
fects of reciprocity.
Lastly, because the strength of the stereotypical beliefs and
empathy may vary among participants, we included a series of
explicit post-experiment measures. At the end of the experiment,
participants were asked to ﬁll the Interpersonal Reactivity Index
(IRI: perspective taking (pt) and empathic concern (ec) scales;
Davis, 1980; Albiero et al., 2006), the Bem Sex Role Inventory (BSRI:
masculine minus feminine score; Bem, 1974; De Leo and Villa,
1986), the Ambivalent Sexism Inventory (ASI: benevolent sexism
(bs) and hostile sexism (hs) scales; Glick and Fiske, 1996; Man-
ganelli et al., 2008) and the Ambivalence toward Men Inventory
(AMI: positive traditional gender-power relations (bm) and hos-
tility toward men scales (hm); Glick and Fiske, 1996; Manganelli
et al., 2008).
2.5. Data acquisition
2.5.1. Experimental apparatus
The experimental paradigm was presented using E-Prime 2
(Psychology Software Tools, Inc., Pittsburgh, PA) on a laboratory’s
computer. Participants were seated in a chair, with a headrest
supporting the back of the head to minimize motion, and they
viewed the paradigm on a computer monitor.
2.5.2. Electroencephalograph (EEG) recordings
EEG was ampliﬁed and recorded with a BioSemi ActiveTwo
system from 30 Ag/AgCl active electrodes (http://www.biosemi.
com) mounted on a cap and placed on the scalp according to the
International 10–20 System (FP1, FP2, AF3, AF4, F7, F3, Fz, F4, F8,
FC5,FC1, FC2, FC6, CP5, CP1, Cz, CP2, CP6, P7, P3, Pz, P4, P8, T7, T8,
PO3, PO4, O1, Oz, O2) plus two sites below the eyes for eye
movement monitoring. Two additional electrodes placed close to
Cz, the Common Mode Sense [CMS] active electrode and the Dri-
ven Right Leg [DRL] passive electrode, were used to form the
feedback loop that drives the average potential of the participant
as close as possible to the AD-box reference potential (Metting Van
Rijn et al., 1990). Electrode impedance was kept below 5 kΩ for
scalp electrodes, and below 10 kΩ for the four eye channels. Skin-
electrode contact, obtained using electro-conductive gel, was
monitored, keeping voltage offset from the CMS below 25 mV for
each measurement site. All the signals were (DC) ampliﬁed and
digitalized continuously with a sampling rate of 512 Hz with an
anti-aliasing ﬁlter with 3 dB point at 104 Hz (ﬁfth order sinc ﬁlter);
no high-pass ﬁltering was applied online. The triggering signals to
each word onset were recorded on additional digital channels. EEG
data were off-line re-referenced to the average activity of the two
mastoids and band-pass ﬁltered (.1–40 Hz, 12 dB/octave), given
that for some subjects the low-pass ﬁlter was not effective in
completely removing the 50-Hz artifact. Epochs were time locked
to the offer presentation and extracted in the interval from
200 ms to 800 ms. Data with excessive blinks were adaptively
corrected using ICA. Segments including artefacts (such as ex-
cessive muscle activity) were eliminated off-line before data
averaging. The lost data (due to artefacts) were equal to 8%. A
100 ms pre-stimulus baseline was used in all analyses.
2.6. Data analysis
2.6.1. Behavioral data
Acceptance Rates. To account for the dichotomous nature of the
dependent variable [the binary decision of accepting¼1 or re-
jecting¼0 an offer], we conducted a 3222 (Offer [1€, 3€, 5
€] Participant’s Gender [male, female]Occupational Stereotype
[male, female]Proposer’s Gender [male, female]) mixed model
generalized binary logistic regression. Occupational stereotype
and proposer’s gender were implemented as random effects. A
manual stepwise analysis was performed to remove non-sig-
niﬁcant interactions from the model. Contrasts between condi-
tions were reported for signiﬁcant effects.
Questionnaires.We conducted correlation analyses between the
scores of the BSRI, the ASI, the AMI, the IRI, and the resultants of
the differences in mean offer for (1) proposers characterized by
female vs. male stereotypes, i.e., St (F–M), (2) female vs. male
proposers, i.e., Gender (F–M), (3) female vs. male proposers char-
acterized by female stereotype, i.e., StF [Gender (F–M)] and
(4) male vs. female proposers characterized by male stereotypes,
i.e., StM [Gender (M–F)].
Response times. Individual response times exceeding 72SD
were rejected. Because Shapiro–Wilk test revealed that all vari-
ables violated the normality assumption, a log transformation was
realized on the response times. A 3222 (Offer [1€, 3€, 5€]
Participant’s Gender [male, female]Occupational Stereotype
[male, female] Proposer’s Gender [male, female]) analysis of
variance (ANOVA) was conducted on the log-transformed mean
response times of each participant, with offer, participant’s gender,occupational stereotype and proposer’s gender as within-subject
factors, and participant’s gender as between factor. LSD post hoc
test were carried out to further examine signiﬁcant effects (α .05).
2.6.2. Electrophysiological data
Overall participants were presented with 30 trials per condi-
tion (360 trials in total). After removing the artefacts, each parti-
cipants had on average 27.4 trials (SD¼2.1) per condition for EEG
averaging. Based on a visual inspection of the waveforms, statis-
tical analyses on mean amplitude values were carried out in the
220–280 ms and 280–410 ms time.
220–280 ms time window. The FRN amplitude was assessed in
terms of mean amplitude at the Fz, FC1, FC2 and Cz electrode
where FRN amplitudes were maximal in both the current study
and in previous FRN studies (e.g., Miltner et al., 1997; Loehr et al.,
2013). A 43222 (Electrode [Fz, FC1, FC2, Cz], Offer [1€, 3€,
5€] Participant’s Gender [male, female]Occupational Stereo-
type [male, female] Proposer’s Gender [male, female]) ANOVA
was conducted with electrode, offer, occupational stereotype and
proposer’s gender as within-subject factors and participant’s
gender as a between-subject factor. LSD were used for post-hoc
contrasts.
280–410 ms time window. The amplitude of the P300 was as-
sessed in terms of the mean amplitude in the 280–410 ms time
window. In order to investigate possible topographical differences,
mean voltage values were assessed at the midline electrodes
(Bennington and Polich, 1999; Holm et al., 2006; Giraudet et al.,
2015). A 33222 (Electrode [Fz, Cz, Pz]Offer [1€, 3€, 5
€]Participant’s Gender [male, female]Occupational Stereotype
[male, female] Proposer’s Gender [male, female]) repeated
measures ANOVA was conducted with electrode, occupational
stereotype, proposer’s gender and offer as within-subject factors
and participant’s gender as a between-subject factor.3. Results
3.1. Behavioral results
3.1.1. Acceptance rate
The model classiﬁed correctly 81.8% of choices (84.9% of ac-
ceptances and 77.2% of rejections). The offer factor [F(2, 60)¼
1216.82, po .001; see Fig. 1A] was a signiﬁcant predictor of choice.
Participants accepted more frequently fair (M¼89.34%, SD713.89)
than mid-value (M¼61.71%, SD730.32, po .001) and unfair offers
(M¼24.56%, SD730.13, po .001), and more often mid-value than
unfair offers (po .001; see Fig. 1A). The occupational stereotype
was a signiﬁcant predictor as well [F(1, 30)¼7.140; po .01; Fig. 1B].
Participants accepted more frequently offers coming from pro-
posers characterized by female occupational (M¼61.01%,
SD736.52) than by male occupational stereotypes (M¼56.07%,
SD736.43). Signiﬁcant OfferParticipant’s Gender and Offer-
Proposer’s Gender interactions were obtained [F(2, 60)¼9.035,
po .001; F(2, 60)¼69.09, po .001, respectively; see Fig. 1C and D].
Participants accepted more frequently mid-value offers when of-
fered by female (M¼63.11%, SD729.68) than by male proposers
(M¼60.31%, SD730.88, po .005). Male participants accepted
more frequently both fair (M¼94.43%, SD710.45, po .01) and
mid-value offers (M¼67.41%, SD731.90, po .01) than did female
participants (5€: M¼84.25%, SD715.81; 3€: M¼56.01%,
SD727.76). No signiﬁcant effects were found for the proposer’s
gender and the participant’s gender factor [respectively, F(1,
30)¼ .012, p¼ .91; F(1, 30)¼ .861, p¼ .353]. The remaining interac-
tions failed to reach signiﬁcance and were removed from the
model after a manual stepwise analysis.
Fig. 1. Acceptance rates for signiﬁcant effects and interactions. (A) Offers, (B) Stereotypes, (C) Participant’s GenderOffer, (D) Proposer’s GenderOffer. Errors bars re-
present standard errors.3.1.2. Questionnaires
We comment only signiﬁcant effects of interest (see Table 1 for
a summary of statistical analyses). The score of the BSRI was ne-
gatively correlated to the St (F–M), the Gender (F–M) and the StF
[Gender (F–M)] differences in mean offer [respectively: rTable 1
Correlations between the questionnaires’ scores and the differences in acceptance rates
Questionnaires
BSRI ASI (bs) ASI (hs) AMI (bm) AMI (hm) IRI (pt) IRI (c
Questionnaires
BSRI – .235 .461** .516**  .010  .252  .38
ASI (bs) .235 – .277 .698** .606**  .175 .212
ASI (hs) .461** .277 – .577** .239  .160  .48
AMI (bm) .516** .698** .577** – .471**  .323  .17
AMI (hm)  .010 .606** .239 .471** –  .357* .170
IRI (pt)  .252  .175  .160  .323  .357* – .541*
IRI (ce)  .383* .212  .484**  .176 .170 .541** –
Differences in acceptation rates
Stereotype (F-M)  .484**  .165  .180  .247 .162 .125 .254
Gender (F-M)  .363* .196 .027  .041 .227  .058 .049
StF[Gender (F-
M)]
 .334*  .083  .170  .310  .084  .026 .035
StM[Gender (M-
F)]
.112  .336*  .230  .288  .363* .040  .01
* po .05.
** po .01.(30)¼ .484, po .01; r(30)¼ .363, po .05; r(30)¼ .334,
po .05]. For the participants, a majority of male characteristics
(i.e., high BSRI score) predicted higher acceptance rates for the
shares offered by female-stereotyped than by male stereotyped
proposers and, by female than male proposers characterized by a.
Difference in acception rate
e) Stereotype (F–
M)
Gender (F–
M)
Stereotype F [Gender
(F–M)]
Stereotype M [Gender
(M–F)]
3*  .484**  .363*  .334* .112
 .165 .196  .083  .336*
4**  .180 .027  .170  .230
6  .247  .041  .310  .288
.162 .227  .084  .363*
* .125  .058  .026 .040
.254 .049 .035  .012
– .311 .226  .175
.311 – .670**  .645**
.226 .670** – .125
2  .175  .645** .125 –
Fig. 2. Response times for (A) Offers, (B) Offer by Stereotype. Errors bars represent standard errors.
Fig. 3. Grand average ERP waveforms at the region of interest (i.e., Fz, FC1, FC2 and Cz merged; A and C) and scalp potentials topographies (B and D) for offers and the
proposers’ identity for the time point of the FRN (220–280 ms following offer onset). (A) Offers: fair offers (black line), mid-value offers (red line) and unfair offers (dotted
blue line); (C) Proposers’ identity: Female Proposer characterized by a Female Stereotype (dotted blue line), Female Proposer characterized by a Male Stereotype (black line),
Male Proposer characterized by a Female Stereotype (dotted green line) and Male Proposer characterized by a Male Stereotype (red line). Negative is plotted down; zeros on
the timelines indicate the onset of the offer. Scalp potentials topographies (B and D) show greater negativities at frontal central sites. The P300 component is already starting
to emerge at parietal sites. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
male stereotype. While a majority of female characteristics (i.e.,
low BRSI score) predicted the opposite pattern of results. The StM
(M–F) difference in mean offer was also negatively correlated toFig. 4. Grand average ERP waveforms at Pz electrode (A and C) and scalp potentials topog
for offers and the proposers’ occupational stereotypes. (A) Offers: fair offers (black lin
occupational stereotypes: Female Stereotypes (red dotted line) and Male Stereotypes (bl
offer. (For interpretation of the references to color in this ﬁgure legend, the reader is rethe ASI (bs) score and the AMI (hm) score [respectively: r
(30)¼ .336, po .05; r(30)¼ .363, po .05]. High scores on ben-
evolent sexism toward women and hostile sexism toward menraphies (B and D) for the time point of the P300 (280–410 ms following offer onset)
e), mid-value offers (red line) and unfair offers (dotted blue line); (C) proposers’
ack line). Negative is plotted down; zeros on the timelines indicate the onset of the
ferred to the web version of this article.)
predicted higher acceptance rates for female than male proposers
characterized by male occupational stereotypes while low scores
predicted the opposite pattern.
3.1.3. Response times
We comment only signiﬁcant effects (see Supplementary ma-
terial for a summary of statistical analyses). We obtained a sig-
niﬁcant main effect of offer [F(2, 30)¼11.36, po .001, ηp2¼ .27; see
Fig. 2A] with longer response times to mid-value (M¼841 ms,
SD7369) than to unfair (M¼776 ms, SD7289, po .05) and fair
(M¼746 ms, SD7322, po .001) offers, and to unfair than fair of-
fers (po .05). A signiﬁcant OfferOccupational Stereotype inter-
action was found [F(2, 60)¼6.20, po .005, ηp2¼ .17; see Fig. 2B].
Participants were also faster in responding to fair offers
(M¼722 ms, SD7289) than to unfair offers (M¼795 ms, SD7317,
po .001) when proposers were characterized by female occupa-
tional stereotypes. They were also faster responding to unfair of-
fers when proposed by male-stereotyped proposers than by fe-
male-stereotyped proposers (respectively M¼756 ms, SD7270;
M¼794 ms, SD7317, po .05), and to fair offers when coming from
proposers with female than male occupational stereotypes (re-
spectively M¼722 ms, SD7289; M¼769 ms, SD7360, po .05).
3.2. Electrophysiological results
3.2.1. 220–280 ms time windows
We obtained a signiﬁcant main effect of offer [F(2, 60)¼3.64,
po .05, ηp2¼ .11; see Supplementary material for a summary of
the statistics] in that unfair (M¼6.35 μV, SD75.09) and mid-value
(M¼6.24 μV, SD74.68) offers generated a signiﬁcantly greater
negativity than fair offers (M¼7.04 μV, SD75.26, po .05 in both
cases; see Fig. 3A and B). No difference was found for unfair offers
and mid-value offers (p¼ .72). We also observed a signiﬁcant Oc-
cupational StereotypeProposers’ Gender Participant’s Gender
interaction [F(1, 30)¼7.05, po .01, ηp2¼ .19; see Fig. 3C and D]. A
greater negativity occurred in male participants when female
proposers were characterized by feminine occupational stereo-
types (M¼5.92 μV, SD74.66) than by masculine occupational
stereotypes on one hand (M¼6.98 μV, SD74.88, po .05) and on
another hand, than male proposers in general (female occupa-
tional stereotype: M¼6.89 μV, SD74.32, po .05; male occupa-
tional stereotype: M¼6.94 μV, SD74.60, po .05).
3.2.2. 280–410 ms time window
The analysis revealed a signiﬁcant main effect of offer [F(2,
60)¼9.47, po .001, ηp2¼ .24; see Fig. 4A and B] with a greater
positivity for fair (M¼11.19 mV, SD75.82, po .001) and unfair of-
fers (M¼10.61 mV, SD75.25, po .01) than for mid-value offers
(M¼9.41 mV, SD74.66). We observed an ElectrodeOccupational
Stereotype signiﬁcant interaction [F(2, 60)¼3.21, po .05, ηp2¼ .10;
see Fig. 4C and D]. We obtained a signiﬁcant greater positivity
when proposers were presented with male (Fz: M¼8.96 mV,
SD76.15; Cz: M¼10.97 mV, SD76.40; Pz: M¼12.07 mV, SD76.17)
than female occupational stereotypes on each of the three elec-
trodes (Fz: M¼8.37 mV, SD75.66, po .001; Cz: M¼10.35 mV,
SD75.78, po .001; Pz: M¼11.69 mV, SD75.55, po .001). Finally,
the statistical analysis also revealed a signiﬁcant Electro-
deOccupational Stereotype Participant’s Gender [F(2, 60)¼
3.21, po .05, ηp2¼ .10]. Post hoc analysis revealed no effect of in-
terest. No other signiﬁcant result was found (see Supplementary
material for a summary of statistical analyses).
4. Discussion
The main aim of the present study was to investigate how
gender stereotypes affect fairness consideration in the ultimatumgame and the associated ERP components (i.e., FRN and the P300).
In line with literature, behavioral results showed that participants
rejected more frequently unfair offers than mid-value offers than
fair offers. This result once again conﬁrms the willingness of re-
sponders to sacriﬁce their own economic interest to punish unfair
behaviors (Thaler, 1988; Camerer, 2003). At an electrophysiological
level, we observed a more negative FRN in response to non-equal
offers (i.e., unfair and mid-value offers) than to equal offers (in line
with Polezzi et al., 2008; Alexopoulos et al., 2012, 2013; Wu et al.,
2011, 2012; Qu et al., 2013). In various decision-making studies,
the FRN, thought to be generated by the ACC (Gehring and Wil-
loughby, 2002; Holroyd and Coles, 2002), has been found to reﬂect
conﬂict detection/monitoring (Carter et al., 1998; Botvinick et al.,
2001; Yeung et al., 2004; De Neys and Glumicic, 2008; Achtziger
et al., 2012). Moreover, Sanfey et al. (2003) found a greater activity
of the ACC in response to non-equal offers (i.e., ranging from 10%
to 30% of the share) and interpreted this activity to reﬂect conﬂict
detection (Botvinick et al., 1999; MacDonald et al., 2000). For equal
offers, the strategic rule (i.e., accepting every offer to maximize the
gain) and the cognitive heuristic (i.e., rejecting only non-equal
offers) concur with each other. However, answering non-equal
offers is contentious in that one has to choose to follow either the
strategic rule or the cognitive heuristic. Then, we assume that in
the ultimatum game, the FRN reﬂects the detection/monitoring of
the conﬂict (Gehring and Fencsik, 2001) between the strategic rule
and the cognitive heuristic. This interpretation is concordant with
the results of Achtziger et al. (2012) who found a greater FRN
amplitude when the (representative) heuristic conﬂicted with the
normative strategy (e.g., Bayesian updating).
Behavioral results also showed that participants were faster in
answering both fair and unfair offers than mid-value offers. We
assume that both unfair offers and fair offers were automatically
classiﬁed and processed relying on cognitive heuristics (system 1;
Civai, 2013). However, because mid-value offers are not completely
unfair and participants had to maximize their ﬁnal outcome, they
were more motivated to make their decision on mid-value offers
based on a deliberative reasoning (i.e., system 2; Sanfey and
Chang, 2008; Civai, 2013). At an electrophysiological level, a
greater P3b amplitude was observed in response to both fair and
unfair offers compared to mid-value offers. The P3b component is
known to reﬂect the promotion of working memory operations
and categorization processes (Donchin and Coles, 1988; Verleger,
1988; Kok, 2001) in temporal–parietal areas (Polich, 2007). We
assume that the increase in P3b amplitude reﬂects the association
of the offers processed automatically (i.e., unfair and fair offers)
with the corresponding heuristics maintained in working memory
(Khader et al., 2011). While the lower P3b amplitude observed for
mid-value offers may reﬂect the disruption of the association with
the cognitive heuristic triggered by the switch to a costly delib-
erative decision-making (i.e., system 2).
Behavioral results also revealed that participants made their
decisions according not only the offers nature but also the pro-
posers’ stereotypical identity. Indeed, participants were more
likely to accept the shares when proposed by female-stereotyped
proposers than by male-stereotyped proposers. They were also
longer in answering unfair offers when offered by female-stereo-
typed proposers than by male-stereotyped proposers. At an elec-
trophysiological level, a decreased P3b amplitude was observed in
response to the shares offered by female-stereotyped proposers
compared to those offered to male-stereotyped proposers. As for
mid-value offers, this decrease in P3b amplitude may reﬂect the
switch to a costly deliberative decision-making (i.e., system 2)
when playing with female-stereotyped proposers. Regardless of
the fact that male-stereotyped role nouns and female-stereotyped
role nouns had comparable ratings on both wealth and valence,
female-stereotyped proposers may have been perceived as less
powerful and socially weaker compared to male-stereotyped
proposers (Eagly, 1987; Conway et al., 1996; Ridgeway, 2001). This
may have induced more positive and emphatic feelings toward
female-stereotyped proposers (Eckel and Grossman, 2001), moti-
vating the participants to engage in a costly deliberative reasoning
(i.e., system 2). As a result, the shares offered by female-stereo-
typed proposers were accepted more frequently than those offered
by male-stereotyped proposers.
The gender of the proposers was found to modulate the deci-
sion of the participants but only when they were proposed mid-
value offers. Indeed, participants were more likely to accept mid-
value offers when the proposers were female than when they
were male. Like female-stereotyped proposers, female proposers
may have triggered more positive and emphatic feelings in the
participants (Eckel and Grossman, 2001). For this reason, playing
with female proposers may have motivated the participants even
more to reason deliberately (i.e., system 2), but only when they
were proposed mid-value offers (i.e., the more complex to deal
with). However, this result was not reﬂected in the electro-
physiological activity.
In contrast with our predictions, the acceptation rates asso-
ciated with the shares offered by stereotype-incongruent pro-
posers and those offered by stereotype-congruent proposers were
not signiﬁcantly different (i.e., no backlash effect). However, at an
electrophysiological level, the FRN amplitude was diversely
modulated according to the proposers’ identity (i.e., both gender
and occupational stereotype) but only in male participants, with a
greater FRN amplitude observed in response to the offers proposed
by female stereotype-congruent proposers (e.g., insegnante/Luisa)
compared to the three other conditions. Because they share few
social characteristics (i.e., gender and occupational stereotype)
with them, female proposers characterized by female occupational
stereotypes may be considered as out-group individuals by male
responders (Ames et al., 2012). It is then very likely that male
responders judged female proposers characterized by female oc-
cupational stereotypes according to their stereotype (i.e., stigma-
tization; Ames et al., 2012). Greater activity of the ACC known for
yielding the FRN was also shown to reﬂect the attempt to inhibit
stigmatization (Richeson et al., 2003; Cunningham et al., 2004;
Lieberman et al., 2005). To this extent, we assume that the increase
in FRN amplitude observed in male participants when playing
with female proposers characterized by female occupational ste-
reotypes may reﬂect the conﬂict between implemented behaviors
based on stereotypical beliefs (i.e., discrimination of out-group
individuals) and the strategic rule (i.e., accepting every offer to
maximize the gain independently of the proposers’ identity).5. Conclusion
In the present study, we investigated to what extent the ste-
reotypical description of the proposers affected the decision-
making of responders playing the ultimatum game and the am-
plitudes of both the FRN and the P300. Our results support the
assumption of Civai (2013) and Sanfey and Chang (2008), ac-
cording to which responders playing the ultimatum game may
rely on a dual-process system to make their decisions. Indeed,
responders appear to have followed cognitive heuristics and an-
swered both fair and unfair offers quite automatically (i.e., system
1), while they were willing to adopt a more costly and deliberative
reasoning (i.e., system 2) to make their decision on mid-value
offers. Participants also discriminated positively female-stereo-
typed proposers in that they were more likely to accept their offers
compared to those offered by male-stereotyped proposers. More
positive and emphatic feelings toward female-stereotyped pro-
posers may have motivated participants to reason moredeliberatively with these proposers than with male-stereotyped
proposers. To this extent, the rejection of an offer may not occur
only because it is not fair but also because the responders are not
motivated enough by the proposers’ stereotypical identity to make
a supplementary effort to reason deliberatively and ﬁght the re-
jection heuristic (i.e., system 1). This result demonstrates that
people with an occupation stereotypically marked with female
gender and engaged in an economic negotiation may beneﬁt from
their occupation at least in the case their counterparts lose their
money if the negotiation fails.
We also propose new insights concerning the functional in-
terpretation of both the FRN and the P3b in the ultimatum game
that may reﬂect two different steps of the decision process. On one
hand, a greater FRN amplitude may reﬂect the detection of con-
tentious situations both economically and socially. Economically,
when the strategic rule enters in conﬂict with a cognitive heuristic
(i.e., rejecting unequal offers), and socially, when the same stra-
tegic rule enters in conﬂict with implemented behaviors based on
stereotypical beliefs (i.e., discrimination of out-group individuals).
On another hand, a greater P3b amplitude – observed in response
to both unfair and fair offers and the shares offered by male-ste-
reotyped proposers – may reﬂect the association of an offer with
the corresponding heuristic stored in working memory, which
may underpin an automatic heuristic-based decision-making (i.e.,
system 1). However, a lower P3b amplitude – observed in response
to mid-value offers and the shares offered by female-stereotyped
proposers – may reﬂect the responders’ greater motivation to
counter system 1 at a cognitive cost and to rely on a deliberative
reasoning (i.e., system 2). As far as we know, the present study is
the ﬁrst to demonstrate that the FRN and the P300 components
reﬂect the dual-process system operation in the ultimatum game
and that both the offers nature and the stereotypical identity of
the proposers can modulate the way this decision system operates.
Because the experimentation lasted for a long time (i.e., more
than one hour and a quarter), we were not able to include 2€ and 4
€ offers to our experimental design. However, one question re-
mains regarding these offers. Are they processed automatically
based on system 1 like unfair and fair offers or more deliberatively
based on system 2 like mid-value offers? A second fundamental
question should be answered in a near future. Is it possible to
manipulate the dual-process system? Indeed, what would happen
if responders were proposed only offers ranging from 10% to 30%
of the share (i.e., 1€, 2€ and 3€)? Would mid-value offers (i.e., 3€
on 10€) still be processed deliberatively (i.e., system 2) or would
they be automatically accepted (i.e., system 1) because they are the
highest shares the responders can get? We plan to address these
issues in future researches.Appendix A. Supplementary material
Supplementary data associated with this article can be found in
the online version at http://dx.doi.org/10.1016/j.neuropsychologia.
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